Computational Study of Local Island in LHD Equilibrium by R. Kanno et al.
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Kanno, R., Nakajima, N., Hayashi, T., Miura, H., 
Okamoto, M. 
Structure of a local magnetic island formed at the 
edge region in a Large Helical Device (LHD) equilib-
rium is numerically studied by using the three dimen-
sional (3D) MHD equilibrium code, HINT [1]. The 
HINT code, which does not assume the existence of 
nested magnetic flux surfaces, is modified so that coil 
currents can exist in the computation region, and for-
mation/healing of magnetic islands including the local 
island can be investigated in the actual LHD configura-
tion. Note that in previous works the structures of local 
island and stochastic field lines are often calculated by 
using only vacuum field data, but these structures are 
affected by the Pfirsch-Schliiter current and net toroidal 
currents including a bootstrap current. In this article, 
we discuss the structure of a local island from the view-
point of the MHD equilibrium calculation. 
An LHD equilibrium with the min = ' 1/1 island 
is required in the local island divertor (LID) experi-
ment [2], where m is a poloidal mode number and n 
a toroidal mode number. The LID is a divertor which 
uses the min = 1/1 island formed at the edge region. 
The LID has been proposed to control the edge plasma 
of LHD. The island is useful for control of heat and 
particle fluxes. Control of the edge plasma by means 
of the LID is expected to realize the high temperature 
divertor operation which leads to a significant energy 
confinement improvement. Results of HINT computa-
tions are not only useful to measure magnetic surfaces 
and islands in the LID experiment but also can lead 
to an optimized condition in the experiment from the 
viewpoint of the MHD equilibrium, e.g. the optimiza-
tions of external currents in the LID coils and profiles of 
rotational transform modified by net toroidal currents, 
etc. In this article, we show the numerical calculations 
of local islands in the LHD equilibrium for a finite (3. 
Numerical calculations of an LHD equilibrium with 
the min = 1/1 island are carried out for a finite equi-
librium beta (3 = 1 %. The vacuum magnetic field is de-
fined in a case of BOaxis = 3 T and ROaxis = 3.6 m, where 
BOaxis and ROaxis are the strength of magnetic field at 
the magnetic axis and the major radius of the axis for 
the vacuum, respectively. For example, Poincare plots 
of field lines in the vacuum field with the min = 1/1 
island is given in Fig. 1. As is shown in Fig. 1, the 
min = 1/1 island is formed on the inside of the out-
ermost flux surface; i.e. the smooth connection of the 
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Figure 1: Poincare plots of field lines at the vertically 
elongated poloidal cross section in the vacuum magnetic 
field with the min = 1/1 island (left figure), and in 
the equilibrium with the min = 1/1 island for (3 = 1 
% (right figure). The computation region in this cross 
section is defined as x E [-0.7,0.7] and y E [-1.2,1.2]. 
core plasma region to the local island di vertor region 
can be anticipated. A pressure, temporarily defined as 
P = POaxis(1 - 8 4 )(1 - 8), is provided into the vacuum 
field, where POaxis is a value of pressure at the axis and 
8 the normalized toroidal flux. This situation is chosen 
to be the initial condition of the relaxation equations 
in the HINT code. In this article, we assume the cur-
rentless condition, i.e. the condition of zero net toroidal 
current, to calculate an MHD equilibrium. 
For a case of the equilibrium beta (3 = 1 %, Poincare 
plots of field lines in the LHD equilibrium with the 
min = 1/1 island are shown in right figure in Fig. 
1. As is shown in Fig. 1, good flux surfaces with the 
min = 1/1,2/1 islands are kept, but the min = 1/1 
island is surrounded with stochastic field lines even for 
a low beta and the island divertor with the min = 1/1 
island can be deteriorated. From a comparison between 
left and right figures in Fig. 1, we see that the self-
healing of the m / n = 2/1 islands can be caused by a 
low (3, because a phase of the islands is reversed by in-
creasing (3. 
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